Introduction {#s1}
============

How do individuals who speak more than one language (hereafter referred to as bilinguals) coordinate their language systems so as to produce continuous speech in a single language and yet switch to an appropriate language as required? One approach used to investigate this issue examines the costs that arise when bilinguals switch between languages (e.g., Von Studnitz and Green, [@B47]; Meuter and Allport, [@B29]; Thomas and Allport, [@B41]; Costa and Santesteban, [@B9]; Orfanidou and Sumner, [@B34]; Peeters et al., [@B35]). This approach utilizes the methods and reasoning developed in the task switching literature in order to gain insight into the processes underlying control over the bilingual language system (e.g., Allport et al., [@B2]; Rogers and Monsell, [@B40]; see Kiesel et al., [@B24]; Vandierendonck et al., [@B43], for recent reviews). These methods examine whether there is a cost to switching languages on a trial-by-trial basis in response to discrete stimuli by comparing performance on trials where a language repeats (non-switch trials) to performance on trials where the language changes (switch trials). Evidence for control comes from worse performance on switch trials (longer response times and/or increased error rates) compared to non-switch trials.

One often reported finding in the context of language switching is that for unbalanced bilinguals the cost of switching to a stronger language (L1) is larger than the cost of switching to a weaker language (L2). This switch cost asymmetry was initially reported by Meuter and Allport ([@B29]) and has since been replicated in a number of studies (e.g., Costa and Santesteban, [@B9]; Costa et al., [@B10]; Finkbeiner et al., [@B15]; Philipp et al., [@B38]; Verhoef et al., [@B46]; Macizo et al., [@B27]; Peeters et al., [@B35]). Presently, the switch cost asymmetry in unbalanced bilinguals is attributed to differences in relative language strength (Grainger and Beauvillain, [@B17]; Dijkstra and Van Heuven, [@B13]; Green, [@B20]; Van Heuven et al., [@B44]; Meuter and Allport, [@B29]; Costa and Santesteban, [@B9]; Finkbeiner et al., [@B15]; Peeters et al., [@B35]). Consistent with these accounts, Costa and colleagues (Costa and Santesteban, [@B9]; Costa et al., [@B10]) rule out absolute language strength, age of L2 acquisition, and language similarity as factors that give rise to the switch cost asymmetry. Furthermore, the asymmetry is reduced after extended practice (Meuter and Allport, [@B29]) and when languages are balanced in strength such that larger differences in relative proficiency are required in order to observe asymmetric switch costs when individuals are exceptionally proficient in two languages, to the point where highly proficient bilinguals will not show a switch cost asymmetry for unbalanced languages (Costa and Santesteban, [@B9]; Costa et al., [@B10]; Martin et al., [@B28]).

If the switch cost asymmetry in unbalanced bilinguals arises from differences in the relative strength of the two languages, then it seems to follow that asymmetric switch costs will be observed in any task where the two languages are unbalanced in strength. However, as can be seen in Table [1](#T1){ref-type="table"}, there are many studies with unbalanced bilinguals that report symmetric switch costs, inconsistent with relative language strength being the sole determining factor for a switch cost asymmetry. A quick examination of Table [1](#T1){ref-type="table"} reveals one possible source of such inconsistencies, namely the type of task. In general, asymmetric switch costs tend to be observed when the task is speech production and symmetric switch costs tend to be observed when language comprehension tasks are used (e.g., lexical decision or semantic categorization). Consistent with this possibility speech production and visual language comprehension differ in at least three important ways that could explain the different patterns of switch costs. First, different types of stimuli are used. Typically, speech production studies involve object naming whereas language comprehension studies use written words. This distinction is critical because objects (and numerals) are encoded differently than words (e.g., Humphreys et al., [@B21]; Damian, [@B11]). For instance, the visual representations of objects and words are thought to be stored in two separate lexicons: a pictogen system for objects (e.g., Humphreys et al., [@B21]; Coltheart, [@B7]) and an orthographic lexicon for words (e.g., Coltheart et al., [@B8]; Perry et al., [@B37]). Second, speech production relies on the retrieval of a phonological-lexical representation for production, whereas comprehension tasks such as lexical decision and semantic categorization rely on a search of orthographic-lexical and semantic information for a binary (yes/no) response. Finally, evidence suggests that language comprehension tasks such as lexical decision are more susceptible to decision processes than naming tasks (Chumbley and Balota, [@B6]).

###### 

**A summary of experiments examining switch costs as a function of task, predictability of switches, stimulus type, bilingual proficiency, and language strength**.

  **Paper**                        **Exp**.   **Switch costs**   **Task**                           **Predictability**   **Stimuli**    **Proficiency**     **Languages**
  -------------------------------- ---------- ------------------ ---------------------------------- -------------------- -------------- ------------------- -----------------------
  Christoffels et al., [@B5]       1          Symmetric          Naming                             Random               Pictures       Unbalanced          Unbalanced L1 vs. L2
  Costa and Santesteban, [@B9]     1          Asymmetric         Naming                             Random               Pictures       Unbalanced          Unbalanced L1 vs. L2
  Costa and Santesteban, [@B9]     2          Symmetric          Naming                             Random               Pictures       Highly proficient   Balanced L1 vs. L2
  Costa and Santesteban, [@B9]     3          Symmetric          Naming                             Random               Pictures       Highly proficient   Balanced L1 vs. L2
  Costa and Santesteban, [@B9]     4          Symmetric          Naming                             Random               Pictures       Highly proficient   Unbalanced L1 vs. L3
  Costa and Santesteban, [@B9]     5          Symmetric          Naming                             Random               Pictures       Highly proficient   Balanced L1 vs. L2
  Costa and Santesteban, [@B9]     5          Symmetric          Naming                             Random               Pictures       Highly proficient   Balanced L1 vs. L2
  Costa et al., [@B10]             1          Symmetric          Naming                             Random               Pictures       Highly proficient   Balanced L1 vs. L2
  Costa et al., [@B10]             2          Symmetric          Naming                             Random               Pictures       Highly proficient   Unbalanced L2 vs. L3
  Costa et al., [@B10]             3          Asymmetric         Naming                             Random               Pictures       Highly proficient   Unbalanced L3 vs. L4
  Costa et al., [@B10]             4          Asymmetric         Naming                             Random               Pictures       Highly proficient   Unbalanced L1 vs. New
  Declerck et al., [@B12]          1          Symmetric          Naming                             Random               Numerals       Unbalanced          Unbalanced L1 vs. L2
  Declerck et al., [@B12]          1          Symmetric          Naming                             Random               Pictures       Unbalanced          Unbalanced L1 vs. L2
  Fink and Goldrick, [@B14]        1          Symmetric          Naming                             Random               Digits         Highly proficient   Balanced L1 vs. L2
  Fink and Goldrick, [@B14]        1          Asymmetric         Naming                             Random               Digits         Unbalanced          Unbalanced L1 vs. L2
  Jackson et al., [@B22]           1          Asymmetric         Naming                             Predictable          Numerals       Unbalanced          Unbalanced L1 vs. L2
  Jackson et al., [@B23]           1          Asymmetric         Parity                             Predictable          Number words   Unbalanced          Unbalanced L1 vs. L2
  Macizo et al., [@B27]            1          Asymmetric         Naming                             Random               Words          Unbalanced          Unbalanced L1 vs. L2
  Macizo et al., [@B27]            2          Symmetric          Categorization                     Random               Words          Unbalanced          Unbalanced L1 vs. L2
  Macizo et al., [@B27]            3          Symmetric          Categorization                     Random               Words          Unbalanced          Unbalanced L1 vs. L2
  Martin et al., [@B28]            1          Asymmetric         Naming                             Random               Pictures       Highly proficient   Balanced L1 vs. L2
  Martin et al., [@B28]            1          Symmetric          Naming                             Random               Pictures       Highly proficient   Unbalanced L1 vs. L3
  Martin et al., [@B28]            1          Asymmetric         Naming                             Random               Pictures       Highly proficient   Unbalanced L1 vs. L3
  Meuter and Allport, [@B29]       1          Asymmetric         Naming                             Random               Numerals       Unbalanced          Unbalanced L1 vs. L2
  Orfanidou and Sumner, [@B34]     1          Symmetric          LD ⋆                               Predictable          Words          Unbalanced          Unbalanced L1 vs. L2
  Orfanidou and Sumner, [@B34]     2          Symmetric          LD ⋆                               Predictable          Words          Unbalanced          Unbalanced L1 vs. L2
  Philipp et al., [@B38]           1          Asymmetric         Naming                             Random               Numerals       Unbalanced          Unbalanced L1 vs. L2
  Philipp et al., [@B38]           1          Asymmetric         Naming                             Random               Numerals       Unbalanced          Unbalanced L1 vs. L2
  Thomas and Allport, [@B41]       1          Symmetric          LD ![](fpsyg-06-02011-i0001.jpg)   Random               Words          Unbalanced          Unbalanced L1 vs. L2
  Thomas and Allport, [@B41]       2          Symmetric          LD ⋆                               Predictable          Words          Unbalanced          Unbalanced L1 vs. L2
  Thomas and Allport, [@B41]       3          Symmetric          LD ⋆                               Predictable          Words          Unbalanced          Unbalanced L1 vs. L2
  Verhoef et al., [@B46]           1 ♢        Symmetric          Naming                             Random               Pictures       Unbalanced          Unbalanced L1 vs. L2
  Verhoef et al., [@B46]           1 ♦        Asymmetric         Naming                             Random               Pictures       Unbalanced          Unbalanced L1 vs. L2
  Von Studnitz and Green, [@B47]   1          Symmetric          LD ⋆                               Predictable          Words          Unbalanced          Unbalanced L1 vs. L2
  Von Studnitz and Green, [@B47]   2          Symmetric          LD ![](fpsyg-06-02011-i0001.jpg)   Predictable          Words          Unbalanced          Unbalanced L1 vs. L2
  Von Studnitz and Green, [@B48]   1          Symmetric          Categorization                     Predictable          Words          Unbalanced          Unbalanced L1 vs. L2

⋆, Language exclusive instructions; ![](fpsyg-06-02011-i0001.jpg), language inclusive instructions; ♦, short cue duration; ♢, long cue duration; LD, Lexical Decision.

Although it is possible that the presence and absence of a switch cost asymmetry in unbalanced bilinguals is due to the type of task, it is necessary to rule out other competing explanations. As can be seen in Table [1](#T1){ref-type="table"}, two other factors that are confounded with the presence/absence of the switch cost asymmetry are (1) the type of stimuli (univalent vs. bivalent) and (2) the predictability of the language switches.

The present experiments serve two goals. The first goal is to assess whether the presence of the switch cost asymmetry for unbalanced bilinguals in speech production tasks and its absence in language comprehension tasks, such as lexical decision, are a consequence of methodological differences or differences in how languages are activated during speech production and language comprehension tasks. The second goal is to discriminate between accounts of the switch cost asymmetry. In order to accomplish these goals, Experiments 1 and 2 assess whether naming yields symmetric switch costs like lexical decision when methodological differences are eliminated. Finally, Experiment 3 assesses whether languages are activated differently in naming and lexical decision by examining whether stimulus valence influences switch costs under mixed list presentation conditions in the naming task[^1^](#fn0001){ref-type="fn"}.

Experiments 1A and 1B {#s2}
=====================

One factor that may determine whether a switch cost asymmetry is observed is the type of stimuli. The stimuli used in language switching experiments differ in two important ways. The first concerns stimulus valence, which refers to the correspondence between a stimulus and a task. Bivalent stimuli are those that are used to respond in both tasks, whereas univalent stimuli are those that correspond to a single task. The second concerns how likely it is that a stimulus belongs to a given language. In speech production, the stimuli tend to be numerals or pictures, which are named in both languages during an experiment (bivalent) and do not contain language specific information. In contrast, in lexical decision or semantic categorization studies, the stimuli tend to be different sets of written words for each language (univalent) and the words tend to be unique to one language (contain language specific information). It is therefore possible that univalent words containing language specific information might eliminate the switch cost asymmetry because they trigger the appropriate language more directly than pictures and numerals, and therefore do not require the same level of non-target language inhibition (Grainger et al., [@B19]). Indeed, Peeters et al. ([@B35]) argued that words automatically activate the corresponding language. Consistent with this interpretation, studies that have used univalent stimuli tend to show symmetric switch costs (but see Jackson et al., [@B23]; Macizo et al., [@B27]).

Experiments 1A and 1B assess whether the switch cost asymmetry arises when bivalent stimuli (i.e., numerals) are used and is absent when univalent stimuli (i.e., written words that appear in only one language) are used. If the switch cost asymmetry were eliminated for univalent stimuli, then this would suggest that switch costs in language comprehension and language production tasks arise from the same processes.

Examining how the switch cost asymmetry is affected by stimulus valence also has implications for accounts of language switching in speech production. For instance, Finkbeiner et al.\'s ([@B15]) response selection account of the switch cost asymmetry predicts that the switch cost asymmetry should be eliminated when univalent stimuli are used. According to this account, when stimuli are bivalent (associated with both languages), both language systems generate a viable response. On switch trials, the response criteria change in order to select the response generated by the appropriate language, yielding a switch cost. Asymmetric switch costs arise because on a subset of switch trials the easier L1 response becomes available before the response selection criteria have been updated and is therefore rejected. This creates an additional cost on L1 switch trials because the response must be regenerated. Unlike bivalent stimuli, univalent items only activate a response in one language; consequently, when univalent stimuli are used a single response selection criterion can be used eliminating the need to switch response criteria. Data in support of this account are mixed. Consistent with the response selection account, Finkbeiner et al. ([@B15]) reported that the switch cost asymmetry is eliminated when univalent stimuli are used. However, Peeters et al. ([@B35]) reported a switch cost asymmetry for univalent items. Unfortunately, in both cases, language switching was confounded with task switching, which complicates interpretation of their data. For instance in Finkbeiner et al. ([@B15]), numerals were named in both languages whereas pictures (Experiment 1) and dots (Experiment 2) were used as univalent stimuli (only named in one language). Critically, there was no cost to switching languages for the univalent items, consistent with the response selection account. However, naming pictures and numerals is unlikely to require the same cognitive processes (see Abutalebi and Green, [@B1]). Indeed, evidence suggests that language switching differs when numerals and pictures are used as stimuli (Declerck et al., [@B12]). It is therefore possible that language switch costs were not observed for univalent items because, irrespective of whether a language switch was taking place, switching from numerals to pictures (as in their Experiment 1) constituted a task switch. A similar situation occurred in Peeters et al. ([@B35]), where subjects switched from making binary decisions about words (e.g., lexical decision) to naming pictures. Again, a task switch corresponded with switching to the univalent stimuli, rendering interpretation of their data difficult. One finding that seems to be inconsistent with the response selection account has been reported by Macizo et al. ([@B27]). In this study, different sets of words (univalent stimuli) were named for each language. Inconsistent with Finkbeiner et al.\'s ([@B15]) response selection account, univalent stimuli produced an asymmetric switch cost.

In the present experiments, we explored these issues by having unbalanced bilinguals alternate between naming (bivalent) numerals in L1 and L2 in one block of trials and (univalent) number words in L1 and L2 in another block of trials. Language switches were random in order to match other studies that have observed a switch cost asymmetry in speech production (e.g., Meuter and Allport, [@B29]; Costa and Santesteban, [@B9]; Costa et al., [@B10]; Macizo et al., [@B27]). Stimulus valence was blocked because according to Finkbeiner et al. a univalent item should only yield a response in one language permitting a single response criterion to be used whereas under mixed list conditions different response criteria may be used for univalent and bivalent stimuli. Therefore, Finkbeiner et al.\'s ([@B15]) response selection account predicts that neither switch costs nor a switch cost asymmetry should be observed for univalent stimuli under blocked list conditions.

Method
------

### Participants

Forty undergraduate students (32 female, 8 male) participated in the experiment[^2^](#fn0002){ref-type="fn"}. The students received course credit in an eligible psychology course as compensation. All participants had normal or corrected to normal vision. This study was carried out in accordance with the recommendations of Tri-Council Policy Statement: Ethical Conduct for Research Involving Humans, Natural Sciences and Engineering Council of Canada, with written informed consent from all subjects in accordance with the Declaration of Helsinki.

Twenty participants who were students at the University of Padova, Italy, participated in Experiment 1A. They reported Italian as their stronger first language (L1) and English as their weaker second language (L2). They began studying English at a variable age (between 5 and 13 years old; mean = 6.2). All 20 participants studied English as a second language during the 5 years of the High School. Twelve of the participants had traveled to an English speaking country in the last 5 years. They self-evaluated their proficiency in English as 3.51 on a Likert 7-point scale (1 very low---7 excellent).

Twenty participants who were students at Trent University, Canada, participated in Experiment 1B. They reported English as their stronger first language (L1) and French as their weaker second language (L2). All participants had studied French in school for a minimum of 6 years (mean = 8.45) as per Ontario education curriculum (Ministry of Education and Training, [@B30], [@B31]). Seventy percent of the participants reported being able to produce and comprehend simple instructions and written material in L2 (Treasury Board of Canada Secretariat, [@B42]). None described themselves as perfectly matched in English and French.

### Stimuli

Stimuli were either numerals (bivalent) or number words (univalent) ranging from 1 to 9. In Experiment 1B, the cognate *six*, which is the same word in both French and English, was replaced with 10 (see also Jackson et al., [@B23]). All stimuli were presented in a white 16-pt. Times New Roman font against a black background. The words were presented in lower case letters. Numerals subtended 0.6° by 0.6° visual angle. Number words subtended 0.6° visual angle vertically and from 1.7° to 3.4° horizontally.

The language cue consisted of a box subtending 6.9° × 6.9° degrees visual angle that surrounded the location of the target. The interior of the box matched the background color (black). The border of the box was 3 pixels thick (approximately 0.1° visual angle) and was always visible. The color of the box was used to indicate the appropriate response language on a given trial. Standard EPrime colors were used (Experiment 1A: green for Italian, blue for English; Experiment 1B: red for English, blue for French).

### Apparatus

The experiment was conducted using a computer running MicroSoft Windows XP operating system. Stimulus presentation and data collection were controlled using EPrime 2.0 software. Vocal responses were collected using a PST Response Box with a voice-key assembly.

### Procedure

Participants were tested individually in a sound attenuated, dimly lit room. They were seated approximately 50 cm from the computer monitor with the microphone placed directly in front of them. Written instructions were presented on the computer screen in the participants\' native language (L1). Participants were required to name each stimulus as quickly and accurately as possible in the appropriate language. Depending on the block, participants were informed that numerals or number words would appear on the computer screen. Order of block presentation (numerals vs. words) was counterbalanced across subjects where the assignment of subject to counterbalance was determined pseudorandomly based on the order in which they were tested.

Within each block, subjects were presented with 9 set lists of pseudorandomized trials. Each list consisted of 46 trials with predetermined slots for switch and non-switch trials. *Switch* trials were preceded by a stimulus to be named in the other language and *non-switch* trials were preceded by a same-language stimulus. In order to match the conditions under which the switch cost asymmetry was initially observed (Meuter and Allport, [@B29]; Costa and Santesteban, [@B9]; Costa et al., [@B10]), the lists were constructed so that the probability of a switch was 0.3 and a non-switch was 0.7. The run length ranged from 1 to 7. The assignment of language to the first trial of a list was counterbalanced across subjects. The first trial in each list was then coded as a null switch trial and excluded from subsequent analyses. The assignment of a stimulus on a given trial was determined randomly without replacement. The same stimulus was permitted to occur on consecutive trials. The number of switches per list ranged from 11 to 20. The order of lists was randomized for each subject, with the first list treated as practice trials. Overall, there were 256 switch and 464 non-switch experimental trials per subject.

Each trial began with the presentation of the box cue in a neutral silver color. After 250 ms, the target stimulus was presented inside the box cue simultaneously with the color of the box cue changing to indicate the response language. The target stimulus and box cue remained visible until a vocal response was made. As soon as a vocal response was initiated, the target stimulus disappeared and the box color changed to white. This screen remained while the experimenter coded the vocal response via button press as correct, incorrect (incorrect language vs. within-language error), or a voice-key failure. Once the response was coded, a new stimulus appeared. Participants were given the opportunity to take a break every 46 trials. The experiment took approximately 40 min to complete.

Results
-------

The mean correct response time (RT) and percentage error data were analyzed separately using analysis of variance (ANOVA) with Language (L1 vs. L2), Stimulus Type (Numerals vs. Words), and Trial Type (Switch vs. Non-switch) as within subjects factors and Experiment (Italian-English: 1A vs. English-French: 1B) as a between subjects factor. Mean response times and percentage error are displayed in Table [2](#T2){ref-type="table"}.

###### 

**Mean RT (ms) and percentage errors from Experiments 1A and 1B (random switches) as a function of stimulus type (numerals vs. words), trial type (switch vs. non-switch) and language (L1 vs. L2)**.

                                   **Response time**   **Percentage error**                                 
  -------------------------------- ------------------- ---------------------- ----- ----- ----- ----- ----- ------
  **ITALIAN/ENGLISH BILINGUALS**                                                                            
  Switch                           674                 646                    500   499   5.3   5.0   2.1   2.3
  Non-switch                       592                 608                    468   488   3.6   4.3   1.0   1.6
  Cost                             82                  38                     32    11    1.7   0.6   1.1   0.7
  **ENGLISH/FRENCH BILINGUALS**                                                                             
  Switch                           731                 753                    530   532   7.8   7.1   1.3   1.3
  Non-switch                       659                 710                    516   526   3.7   4.3   1.0   1.6
  Cost                             72                  43                     14    6     4.2   2.8   0.2   −0.4

### RT

Prior to analyzing the RT data, trials with incorrect responses (3.05%) or voice-key errors (0.59%) were first removed. RTs to correct responses were subjected to a recursive trimming procedure in which the criterion cutoff for outlier removal was established independently for each condition for each subject by reference to the sample size in that cell (Van Selst and Jolicoeur, [@B45]). This resulted in the removal of an additional 1.57% of the data.

As can be seen in Table [2](#T2){ref-type="table"}, there was a main effect of stimulus type where participants took 165 ms longer to respond to numerals compared to number words, *F*~(1,\ 38)~ = 420.1, *p* \< 0.001, *MSE* = 5127, η~p~^2^ = 0.92. Overall, the effect of stimulus type is comparable with other studies that have manipulated stimulus valence by changing the orthographic characteristics of words in lexical decision (e.g., 160 ms in Thomas and Allport, [@B41] and 180 ms in Orfanidou and Sumner, [@B34]). Consistent with our participants being unbalanced bilinguals, there was a main effect of language where responses in L1 were faster than responses in L2 \[*F*~(1,\ 38)~ = 6.58, *p* \< 0.05, *MSE* = 1759, η~p~^2^ = 0.15\]. Consistent with participants adjusting processing in response to changes in language, there was a main effect of trial type where switch trials were 37 ms slower than non-switch trials, *F*~(1,\ 38)~ = 126.2, *p* \< 0.001, *MSE* = 885, η~p~^2^ = 0.77. There was an interaction between trial type and stimulus type where the size of the switch cost was larger for numerals (77 ms) than for number words (16 ms), *F*~(1,\ 38)~ = 82.0, *p* \< 0.001, *MSE* = 449, η~p~^2^ = 0.68. This replicates Orfanidou and Sumner ([@B34]) finding in lexical decision and extends it to speech production.

As expected, there was an interaction between trial type and language where the cost of switching languages was larger for L1 (50 ms) than for L2 (24 ms), replicating the switch cost asymmetry obtained by Meuter and Allport ([@B29]; see also Costa and Santesteban, [@B9]; Costa et al., [@B10]; Verhoef et al., [@B46]; Macizo et al., [@B27]), *F*~(1,\ 38)~ = 33.0, *p* \< 0.001, *MSE* = 410, η~p~^2^ = 0.46. Also, the three way interaction between stimulus type, trial type and language was significant, *F*~(1,\ 38)~ = 8.13, *p* \< 0.01, *MSE* = 298, $\eta_{\text{p}}^{2} = 0.18$. This suggests that the switch cost asymmetry is affected by stimulus valence, since the asymmetry was smaller for the number words (15 ms) compared to the numerals (37 ms).

Since the main goal of the present experiment was to assess whether the switch cost asymmetry would be eliminated by the use of univalent stimuli, separate ANOVAs were performed for numerals and number words with Language (L1 vs. L2) and Trial Type (switch vs. non-switch) as factors. Both analyses showed significant interactions between the two factors \[Numerals: *F*~(1,\ 38)~ = 24.4, *p* \< 0.001, *MSE* = 560.67, η~p~^2^ = 0.39; Words: *F*~(1,\ 38)~ = 15.23, *p* \< 0.001, *MSE* = 147.28, η~p~^2^ = 0.29\], suggesting that for both numerals and number words, the switch cost was larger in L1 than in L2. The small switch cost observed for the univalent stimuli in L2 was also reliable \[*F*~(1,\ 38)~ = 9.54, *p* \< 0.01, *MSE* = 151, η~p~^2^ = 0.20\] and was unaffected by Experiment (*F* \< 1).

There was a main effect of Experiment, where responses in Experiment 1A were 60 ms faster than the responses in Experiment 1B, *F*~(1,\ 38)~ = 6.56, *p* \< 0.05, *MSE* = 44271, η~p~^2^ = 0.18. Experiment interacted with stimulus type, where the effect of stimulus type was smaller for the Italian/English bilinguals in Experiment 1A (141 ms) compared to the English/French bilinguals in Experiment 1B (187 ms), *F*~(1,\ 38)~ = 8.25, *p* \< 0.01, *MSE* = 5127, η~p~^2^ = 0.18 Experiment also interacted with language where the effect of language was primarily due to Experiment 1B \[Italian-English: 558 vs. 560 ms; English-French: 609 vs. 630 ms; *F*~(1,\ 38)~ = 4.12, *p* \< 0.05, *MSE* = 1759, η~p~^2^ = 0.14\]. Finally, there was a three way interaction between experiment, language and stimulus type, *F*~(1,\ 38)~ = 12.8, *p* \< 0.05, *MSE* = 824, η~p~^2^ = 0.25. The L1 advantage for English-French bilinguals was larger for numerals (37 ms) than for words (6 ms), *F*~(1,\ 19)~ = 7.142, *p* \< 0.05, *MSE* = 1283, η~p~^2^ = 0.273. The advantage for words was not reliable (*F* \< 1). In contrast, the L1 advantage for Italian-English bilinguals was smaller for numerals (--2 ms) than for words (10 ms), *F*~(1,\ 19)~ = 6.727, *p* \< 0.05, *MSE* = 365, η~p~^2^ = 0.261. The advantage for numerals was not reliable (*F* \< 1).

### Percent error

There was nothing in the error data that compromised the interpretation of the RT data. There was a main effect of Trial Type \[*F*~(1,\ 38)~ = 34, *p* \< 0.001, *MSE* = 0.001; η~p~^2^ = 0.47\], reflecting a higher error rate for switch (4%) than for non-switch (2.4%) trials and a main effect of Stimulus Type \[*F*~(1,\ 38)~ = 73.85, *p* \< 0.001, *MSE* = 0.001, η~p~^2^ = 0.66\], reflecting more errors for numerals than for words (4.9 vs. 1.5%). There was an interaction between Stimulus Type and Experiment, where the difference between numerals and words was larger in Experiment 1A (5.7 vs. 1.3%) than in Experiment 1B \[4.2 vs. 1.7%, *F*~(1,\ 38)~ = 5.47, *p* = 0.025, *MSE* = 0.001, η~p~^2^ = 0.13\]. There was an interaction between Stimulus Type and Trial Type where the switch cost was larger for numerals (switch: 6.3%, non-switch: 3.6%) than for words \[switch: 1.7%, non-switch: 1.3%; *F*~(1,\ 38)~ = 11.2, *p* = 0.002, *MSE* = 0.001, η~p~^2^ = 0.23\]. There was also an interaction between Trial Type and Experiment where the switch cost was larger in Experiment 1A than in Experiment 1B \[*F*~(1,\ 38)~ = 4.8, *p* = 0.034, *MSE* = 0.001, η~p~^2^ = 0.11\].

Discussion
----------

Given that the presence/absence of the switch cost asymmetry reported in previous studies largely co-varied with stimulus valence, Experiments 1A and 1B assessed whether the switch cost asymmetry in speech production is present for (bivalent) numerals but absent for (univalent) number words. The observation of a switch cost asymmetry in speech production, despite the use of univalent stimuli (i.e., number words) is inconsistent with bivalent stimuli (e.g., numerals and pictures) being required to observe the switch cost asymmetry. The absence of a switch cost asymmetry in lexical decision studies therefore cannot be due to the use of written words.

The observation that the switch cost asymmetry was not eliminated for univalent stimuli is also inconsistent with Finkbeiner et al.\'s ([@B15]) response selection account of the switch cost asymmetry. According to this account, univalent stimuli should not yield a switch cost when stimulus valence is blocked because a single response selection criterion can be used for all of the univalent stimuli. Given that each univalent word was tied to a response in only one language, there was no need to change the response criteria across language switch trials. The response selection account of switch costs therefore not only predicts the absence of a switch cost asymmetry, but also the absence of a switch cost. Neither of these predicted outcomes were observed.

Experiments 2A and 2B {#s3}
=====================

As can be seen in Table [1](#T1){ref-type="table"}, a second factor that co-varies with the presence/absence of the switch cost asymmetry is switch predictability. Studies that report a switch cost asymmetry have typically used random switches between categories (similar to Meuter and Allport, [@B29]). In contrast, studies that do not report a switch cost asymmetry (e.g., Von Studnitz and Green, [@B47]; Thomas and Allport, [@B41]) have tended to use predictable switches between languages, based on a variation of Rogers and Monsell\'s ([@B40]) alternating runs paradigm in which switches occur in a predictable AABB pattern. It is therefore possible that random switches between languages are required (necessary, but not sufficient) in order to observe a switch cost asymmetry. For instance, the switch cost asymmetry may not be observed when switches are predictable because advanced knowledge of the language switch provides the opportunity to endogenously prepare for the language switch prior to the presentation of the stimulus[^3^](#fn0003){ref-type="fn"}. Otherwise, it might be that symmetric switch costs depend on the conjunction of predictable switches and univalent stimuli. The aim of the present experiment was to test these hypotheses. Similar to Experiments 1A and 1B, participants in Experiment 2A were Italian / English bilinguals, and participants in Experiment 2B were English/French bilinguals. Again, the task was naming (bivalent) numerals and (univalent) number words, with valence assigned to different blocks of trials as in the previous experiment. Following Rogers and Monsell\'s ([@B40]) alternating runs paradigm, the assignment of language for responding followed an AA/BB pattern (a run length of 2).

Method
------

### Participants

Thirty-six undergraduate students (32 female, 4 male) participated in the experiment. They all received credit in an eligible psychology course as compensation. All participants had normal or corrected to normal vision.

Sixteen participants were students from the University of Padova and participated in Experiment 2A. They were unbalanced Italian-English bilinguals with Italian as stronger first language (L1) and English as their weaker second language (L2). They met the same criteria as subjects in Experiment 1A.

Twenty participants were undergraduate students at Trent University and participated in Experiment 2B. They were unbalanced English-French bilinguals with English as their stronger first language (L1) and French as their weaker second language (L2). They met the same criteria as participants Experiment 1B.

### Stimuli

Target stimuli were identical to Experiments 1A and 1B. Following Rogers and Monsell ([@B40]), a 2 × 2 grid was used to help subjects keep track of the predictable AABB pattern[^4^](#fn0004){ref-type="fn"}. Each square in the grid subtended 6.9° by 6.9° visual angle as in Experiments 1A and 1B.

### Apparatus

The apparatus was identical to Experiments 1A and 1B.

### Procedure

The procedure was similar to Experiments 1A and 1B. Once again, the experiment consisted of two blocks, with numerals being presented in one block and number words presented in the other. The assignment of Stimulus Type to block was counterbalanced pseudorandomly across subjects based on the order in which they were tested. Within each block, subjects were presented with 9 lists of 44 trials with a predictable switch after two consecutive trials in the same language (i.e., a run length of 2). As in Experiments 1A and 1B, the assignment of stimulus to trial was determined randomly without replacement. The first list in each block was treated as practice.

The 2 × 2 display grid was visible throughout the presentation of a list of trials. A trial started with an empty display grid. After 250 ms, the target stimulus was presented in the center of one of the four boxes. The stimulus remained visible until a vocal response was made. The accuracy of the vocal response was then coded via button press by the researcher before the beginning of the next trial. The location of a target on successive trials moved to the adjacent clockwise location in the grid. Adjacent horizontal locations always corresponded to a single language and the assignment of language to position (top vs. bottom) was determined randomly for each subject. Participants were given the opportunity to take a break every 44 trials. The experiment took approximately 40 min to complete.

Results
-------

The data were analyzed in the same way as Experiment 1. Mean response latencies and accuracies are displayed in Table [3](#T3){ref-type="table"}.

###### 

**Mean RT (ms) and percentage errors from Experiments 2A and 2B (predictable switches) as a function of stimulus type (numerals vs. words), trial type (switch vs. non-switch) and language (L1 vs. L2)**.

                                   **Response time**   **Percentage error**                                 
  -------------------------------- ------------------- ---------------------- ----- ----- ----- ----- ----- -----
  **ITALIAN/ENGLISH BILINGUALS**                                                                            
  Switch                           660                 661                    512   525   6.9   7.1   2.1   2.0
  Non-switch                       549                 600                    472   499   4.5   5.0   1.2   0.7
  Cost                             111                 61                     40    26    2.4   2.1   0.9   1.3
  **ENGLISH/FRENCH BILINGUALS**                                                                             
  Switch                           693                 727                    507   518   7.2   7.8   2.0   0.9
  Non-switch                       594                 666                    481   500   3.1   4.1   0.5   0.5
  Cost                             99                  61                     26    18    4.1   3.7   1.5   0.4

### RT

Prior to analyzing the RT data, trials with incorrect responses (2.9%) or voice-key errors (0.75%) were removed. RTs to correct responses were subjected to the same recursive trimming procedure used in Experiment 1 (Van Selst and Jolicoeur, [@B45]). This resulted in the removal of an additional 2.03% of the data.

As can be seen in Table [3](#T3){ref-type="table"}, there was a main effect of stimulus type where participants took 142 ms longer to name numerals than number words, *F*~(1,\ 34)~ = 128.1, *p* \< 0.001, *MSE* = 11,149, $\eta_{\text{p}}^{2} = 0$.79. The effect of stimulus valence is comparable in magnitude to Experiment 1 \[*F*~(1,\ 74)~ = 1.61, *p* = 0.209, *MSE* = 8994, $\eta_{\text{p}}^{2} = 0$.02\][^5^](#fn0005){ref-type="fn"} and with previous studies that have used the lexical decision task (Von Studnitz and Green, [@B47]; Thomas and Allport, [@B41]; Orfanidou and Sumner, [@B34]). Consistent with our participants being unbalanced bilinguals, there was a main effect of language where L1 responses were 28 ms faster than L2 responses, *F*~(1,\ 34)~ = 8.02, *p* \< 0.05, *MSE* = 2684, $\eta_{\text{p}}^{2} = 0$.32.

Once again, there was a main effect of trial type where participants took longer to respond on switch trials compared to non-switch trials, yielding a 55 ms switch cost, *F*~(1,\ 34)~ = 212.2, *p* \< 0.001, *MSE* = 1023, η~p~^2^ = 0.86. Consistent with stimulus valence influencing language selection, there was an interaction between stimulus type and trial type where the switch cost was 55 ms larger for numerals (83 ms) than for the number words (28 ms), *F*~(1,\ 34)~ = 103.5, *p* \< 0.001, *MSE* = 525, η~p~^2^ = 0.75. This replicates the pattern observed in Experiment 1 and previously reported by Orfanidou and Sumner ([@B34]) in lexical decision. Also consistent with stimulus valence influencing language selection, there was an interaction between language and stimulus type where L1 responses were 40 ms faster than L2 responses for numerals, but only 17 ms faster than L2 responses for number words, *F*~(1,\ 34)~ = 8.96, *p* \< 0.05, *MSE* = 1003, η~p~^2^ = 0.21. The interaction between trial type and language was significant, where the switch costs were asymmetric, with a 28 ms larger switch cost in L1 (69 ms) than in L2 (41 ms), *F*~(1,\ 34)~ = 26.0, *p* \< 0.001, *MSE* = 536, $\eta_{\text{p}}^{2} = 0$.43. Critically, there was an interaction between trial type, language and stimulus type where the switch cost asymmetry was larger for numerals than for number words, *F*~(1,\ 34)~ = 12.9, *p* \< 0.001, *MSE* = 389, $\eta_{\text{p}}^{2} = 0$.28. This replicates the pattern observed in Experiments 1A and 1B.

Since the main goal of the Experiment 2 was to assess whether the switch cost asymmetry would be eliminated by the use of predictable switches, additional repeated-measure ANOVAs were performed separately for the numeral and number word conditions with Language (L1 vs. L2) and Trial Type (switch vs. non-switch) as factors. Inconsistent with predictable switches between languages eliminating the switch cost asymmetry, a switch cost asymmetry was observed for numerals, *F*~(1,\ 34)~ = 26.6, *p* \< 0.001, *MSE =* 670, $\eta_{\text{p}}^{2} = 0$.44, where the switch cost was 44 ms larger in L1 (105 ms) compared to L2 (61 ms), and this effect was not qualified by experiment (*F* \< 1).

Inconsistent with the conjunction of predictable switches and the univalent stimuli being necessary to eliminate the switch cost asymmetry, there was a reliable switch cost asymmetry for the (univalent) number words, *F*~(1,\ 34)~ = 4.4, *p* \< 0.05, *MSE* = 254, $\eta_{\text{p}}^{2} = 0$.11. The switch cost was 11 ms larger in L1 (33 ms) compared to L2 (22 ms), and it was not qualified by experiment (*F* \< 1).

No main effect of Experiment was obtained, *F*~(1,\ 34)~ = 1.21, *p* = 0.279, *MSE* = 40,069, $\eta_{\text{p}}^{2} = 0$.03. However, there was an interaction between experiment and stimulus type where the effect of stimulus type was smaller for the Italian/English bilinguals (115 ms) compared to the English/French bilinguals (168 ms), *F*~(1,\ 34)~ = 4.43, *p* \< 0.05, *MSE* = 11,149, $\eta_{\text{p}}^{2} = 0$.11. Also, similar to Experiments 1A and 1B, there was an interaction between language, stimulus type and experiment where the language by stimulus type interaction was more pronounced in the English/French bilinguals than in the Italian/English bilinguals, *F*~(1,\ 34)~ = 4.47, *p* \< 0.05, *MSE* = 1003, $\eta_{\text{p}}^{2} = 0$.12.

### Percent error

There were no effects in the error data that compromised the interpretation of the RT data. There was a main effect of Stimulus Type where more errors were made to numerals than to number words, *F*~(1,\ 34)~ = 88.4, *p* \< 0.001, *MSE* = 0.001, $\eta_{\text{p}}^{2} = 0$.72. There was a main effect of Trial Type where more errors were made on switch compared to non-switch trials, *F*~(1,\ 34)~ = 51.4, *p* = 0.001, *MSE* \< 0.001, $\eta_{\text{p}}^{2} = 0$.60. As in Experiment 1, there was an interaction between trial type and Experiment, *F*~(1,\ 34)~ = 8.12, *p* = 0.007, *MSE* \< 0.001, $\eta_{\text{p}}^{2} = 0$.19. However, here the switch cost was larger in Experiment 2B (English-French: 2.5%) than in Experiment 2A (Italian-English: 1%). There was also an interaction between Stimulus Type and Trial Type where the switch cost was larger for numerals (switch: 6.2%; non-switch: 3.4%) than it was for number words (switch: 1.3%; non-switch: 0.6%), *F*~(1,\ 34)~ = 14.2, *p* = 0.001, *MSE* = 0.001, $\eta_{\text{p}}^{2} = 0$.30. No other effects were significant (*Fs* \< 1.4).

Discussion
----------

The goal of Experiments 2A and 2B was to assess whether the absence of a switch cost asymmetry reported in previous work was due to the use of predictable switches between languages. Inconsistent with unpredictable switches being required for asymmetric switch costs, asymmetric switch costs were observed for numerals despite predictable switches between languages. Furthermore, the switch cost asymmetry was once again observed for number words, which uniquely indicated the language to be used for the response. This suggests that the absence of the switch cost asymmetry in lexical decision studies was not due to the conjunction of predictable switches and the use of univalent stimuli. Further, this second demonstration that the switch cost asymmetry is not eliminated for univalent stimuli provides additional evidence inconsistent with Finkbeiner et al.\'s ([@B15]) response selection account of language switching, which predicts that switch costs should not be observed when the response selection criteria do not need to change.

Experiment 3 {#s4}
============

The outcomes of Experiments 1 and 2 indicate that the switch cost asymmetry is not due to methodological differences such as the type of stimuli or the predictability of switches. The data also indicate that the switch cost asymmetry in speech production is not a consequence of changing response criteria for bivalent stimuli as hypothesized by Finkbeiner et al. ([@B15]). Instead the outcomes of Experiments 1 and 2 suggest that the switch cost asymmetry is observed in speech production because of how the languages are activated/inhibited. Converging evidence for this claim comes from two additional sources. First, stimulus valence interacted with language, which suggests that the two factors affect a common process, most likely one involved in language selection. Second, stimulus valence affected the magnitude of the switch cost asymmetry, whereby the switch cost asymmetry was smaller for the univalent stimuli than for the bivalent stimuli. This is consistent with language specific information contained in the stimulus reducing the impact of language strength on the selection process.

If the switch cost asymmetry arises from how languages are activated/inhibited then this suggests that languages are activated differently during comprehension and speech production tasks. In order to test this possibility, Experiment 3 examines how switch costs are affected by stimulus valence when the univalent and bivalent stimuli are randomly intermixed in the naming task. Previous research suggests that in the lexical decision task, switch costs are only reduced for univalent items when univalent and bivalent stimuli are presented in separate blocks, as in Experiments 1 and 2 (Orfanidou and Sumner, [@B34]). When univalent and bivalent items are randomly intermixed in a single block of trials, switch costs are unaffected by stimulus valence in lexical decision (Von Studnitz and Green, [@B47]; Thomas and Allport, [@B41]; Orfanidou and Sumner, [@B34]). If the switch cost asymmetry arises in speech production but not in language comprehension because there are fundamental differences in how languages are activated in language comprehension and speech production tasks, then this raises the possibility that stimulus valence will continue to affect switch costs in speech production when univalent and bivalent stimuli are randomly intermixed. In contrast, if stimulus valence does not affect the magnitude of the switch costs in mixed lists during speech production, then this will mirror the pattern previously obtained in lexical decision (Von Studnitz and Green, [@B47]; Thomas and Allport, [@B41]; Orfanidou and Sumner, [@B34]) and will be inconsistent with the claim that languages are activated differently in language comprehension and speech production tasks.

How stimulus valence affects switch costs when univalent and bivalent stimuli are randomly intermixed also has implications for theories of the switch cost asymmetry in speech production. The outcomes of Experiments 1 and 2 are consistent with accounts that attribute the switch cost asymmetry to competition between languages (Grainger and Beauvillain, [@B17]; Grainger and Dijkstra, [@B18]; Green, [@B20]; Meuter and Allport, [@B29]; Thomas and Allport, [@B41]; Orfanidou and Sumner, [@B34]; Peeters et al., [@B35]). One type of account attributes the switch cost asymmetry to competition between language schemas (e.g., Von Studnitz and Green, [@B47]; Green, [@B20]; Meuter and Allport, [@B29]; Thomas and Allport, [@B41]; Orfanidou and Sumner, [@B34]). According to these accounts, each language is associated with a language task schema. Successful speech production in one language requires the activation of the response language and the inhibition of the non-response language, which persists involuntarily when switching languages. Performance on a switch trial is slowed by having to overcome the inhibition required to respond in the appropriate language on the previous trial, yielding a switch cost. The cost of overcoming the prior inhibition of the currently relevant language is a function of the relative strength of the two languages. If the languages are unbalanced in strength, then naming an item in L2 requires strong(er) inhibition of L1, therefore switching to L1 will yield a large(er) cost because the time to overcome the strong inhibition of L1 from the previous language schema is longer. In contrast, naming an item in L1 only requires weak(er) inhibition of the L2 language, therefore the time to overcome L2 inhibition is shorter when switching to L2[^6^](#fn0006){ref-type="fn"}.

A second type of account attributes the switch cost asymmetry to competition within the lexicon (Grainger and Beauvillain, [@B17]; Dijkstra and Van Heuven, [@B13]; Van Heuven et al., [@B44]; Peeters et al., [@B35]). According to these accounts, lexical representations are inhibited without the need for language task schemas and switch costs can be explained by mechanisms entirely within the language system. Here, greater inhibition of representations in L1 is required, in order to name an item in L2, yielding larger switch costs when switching back to L1 (Grainger and Dijkstra, [@B18]; Van Heuven et al., [@B44]; Grainger et al., [@B19]; Peeters et al., [@B35]).

Researchers investigating the locus of switch costs have repeatedly argued that if the cost of switching languages arises within the language system (as suggested by Grainger and colleagues), then switch costs should be reduced for stimuli with language specific orthography because they will differentially activate lexical representations in the two languages thereby reducing competition (Thomas and Allport, [@B41]; Orfanidou and Sumner, [@B34]; Peeters et al., [@B35]). The observation that switch costs are not reduced for univalent stimuli with language specific orthography in lexical decision when the univalent and bivalent stimuli are randomly intermixed has been used to support the claim that the control processes involved in language switching are outside the language system (Von Studnitz and Green, [@B47]; Thomas and Allport, [@B41]; Orfanidou and Sumner, [@B34]). Thus, the observation that stimulus valence affects switch costs, including the switch cost asymmetry when univalent and bivalent stimuli are intermixed (and therefore insensitive to context) in speech production would be inconsistent with the claim that the switch cost asymmetry arises from competition outside the language system, between language task schemas (Grainger and Beauvillain, [@B17]; Green, [@B20]; Meuter and Allport, [@B29]; Orfanidou and Sumner, [@B34]; Grainger et al., [@B19]; Peeters et al., [@B35]).

Method
------

### Participants

Forty-two undergraduate students at Trent University participated in return for credit in an eligible psychology course. These participants met the same criteria as participants in Experiments 1B and 2B. All participants had normal or corrected to normal vision.

### Stimuli

The stimuli were the same numerals (bivalent) and number words (univalent) as Experiments 1B and 2B.

### Apparatus

The apparatus was the same as Experiments 1B and 2B.

### Procedure

The procedure was the same as Experiment 2 (alternating runs), except that the value of a target stimulus and its form (numeral vs. number word) were determined randomly on each trial (mixed blocks).

Results
-------

The present study did not include experiment as a factor. In all other ways the data were analyzed in the same way as Experiments 1 and 2. Mean response latencies and percentage error are displayed in Table [4](#T4){ref-type="table"}.

###### 

**Mean RT (ms) and percentage error as a function of stimulus type (numerals vs. words) and language (L1 vs. L2) and trial type (switch vs. non-switch) in Experiment 3**.

                         **Numerals**   **Words**         
  ---------------------- -------------- ----------- ----- -----
  **RESPONSE TIME**                                       
  Switch                 637            644         583   575
  Non-switch             553            602         534   544
  Cost                   84             42          49    31
  **PERCENTAGE ERROR**                                    
  Switch                 8.1            10.0        2.5   1.5
  Non-switch             3.0            5.6         0.8   0.5
  Cost                   5.1            4.4         1.7   1.0

### RT

Prior to analyzing the RT data, trials with incorrect responses (3.97%) or voice-key errors (2.27%) were removed. RTs for correct responses were subjected to the same recursive trimming procedure used in Experiments 1 and 2 (Van Selst and Jolicoeur, [@B45]). This resulted in the removal of an additional 2.35% of the data.

There was a main effect of stimulus type where subjects took 50 ms longer to respond to numerals compared to number words, *F*~(1,\ 41)~ = 79.3, *p* \< 0.001, *MSE* = 2629, η~p~^2^ = 0.66. The effect of stimulus type was smaller than when stimulus valence was manipulated between blocks in Experiment 1 \[*F*~(1,\ 78)~ = 126.76, *p* \< 0.001, *MSE* = 4291, η~p~^2^ = 0.62\] and Experiment 2 \[*F*~(1,\ 74)~ = 50.23, *p* \< 0.001, *MSE* = 7108, η~p~^2^ = 0.40\]^5^.

Consistent with our participants being unbalanced bilinguals, there was a main effect of language where responses in L1 were 14 ms faster than responses in L2 \[*F*~(1,\ 41)~ = 5.90, *p* \< 0.05, *MSE* = 2911, η~p~^2^ = 0.13\]. The L1 advantage was modulated by Stimulus Type, being larger for numerals (28 ms) than for number words (1 ms) \[*F*~(1,\ 41)~ = 18.8, *p* \< 0.001, *MSE* = 854, η~p~^2^ = 0.32\], as was observed for blocked list presentation.

There was a main effect of trial type where switch trials were 51 ms slower than non-switch trials, *F*~(1,\ 41)~ = 229.6, *p* \< 0.001, *MSE* = 965, η~p~^2^ = 0.85. Inconsistent with lexical decision (Von Studnitz and Green, [@B47]; Thomas and Allport, [@B41]; Orfanidou and Sumner, [@B34]), the switch costs were larger for (bivalent) numerals (63 ms) than for (univalent) number words (40 ms), *F*~(1,\ 41)~ = 68.7, *p* \< 0.001, *MSE* = 159, η~p~^2^ = 0.63. The magnitude of the effect did not differ from those reported in Experiments 1 (*F* \< 1) and 2 (*F* \< 1) where stimulus valence was blocked^5^.

As expected, there was an interaction between language and trial type where the cost of switching languages was larger for L1 (66 ms) than for L2 (36 ms), replicating the switch cost asymmetry \[e.g., Meuter and Allport, [@B29]; *F*~(1,\ 41)~ = 49.6, *p* \< 0.001, *MSE* = 383, η~p~^2^ = 0.55\]. Finally, the three way interaction between Trial Type, Language and Stimulus Type was significant, indicating that the asymmetry was smaller for the number words (18 ms) compared to the numerals (42 ms), *F*~(1,\ 41)~ = 8.04, *p* \< 0.01, *MSE* = 356, η~p~^2^ = 0.16.

### Percent error

There was nothing in the error data that compromised the interpretation of the RT data. There was a main effect of Stimulus Type where more errors were made for numerals (6.7%) compared to number words (1.3%), \[*F*~(1,\ 41)~ = 97.1, *p* \< 0.001, *MSE* = 24.8; η~p~^2^ = 0.70\]. There was a main effect of language where more errors were made in L2 than L1 \[*F*~(1,\ 41)~ = 4.68, *p* \< 0.05, *MSE* = 10.7; η~p~^2^ = 0.10\]. There was an interaction between Language and Stimulus Type where the effect of language was larger for numerals than for number words, *F*~(1,\ 41)~ = 22.3, *p* \< 0.001, *MSE* = 7.97; η~p~^2^ = 0.35.

There was a main effect of Trial Type where more errors were made on switch (5.5%) than on non-switch (2.5%) trials, \[*F*~(1,\ 41)~ = 87.2, *p* \< 0.001, *MSE* = 8.80, η~p~^2^ = 0.68\]. There was no interaction between Trial Type and Language, *F*~(1,\ 41)~ = 2.28, *MSE* = 4.58, η~p~^2^ = 0.05. However, there was an interaction between Trial Type and Stimulus Type where the switch cost was larger for numerals (4.7%) than for words (1.3%), *F*~(1,\ 41)~ = 48.2, *p* \< 0.001, *MSE* = 4.96, η~p~^2^ = 0.54. No other effects approached significance.

Discussion
----------

Stimulus valence modulated overall switch costs and the switch cost asymmetry in the present experiment, despite the univalent and bivalent stimuli being presented in the same block of trials. The observation that stimulus valence influences switch costs irrespective of context during naming but not lexical decision is consistent with languages being activated differently and suggests that there are fundamental differences in how languages are controlled in comprehension and production tasks.

The present results are also inconsistent with accounts of language switching that place the control mechanisms entirely outside the language system such as the language task schema account of language switching, which predicts that stimulus valence should not affect switch costs under mixed list conditions (Thomas and Allport, [@B41]; Orfanidou and Sumner, [@B34]). The outcome of the present experiment is, however, consistent with within-language accounts of the switch cost asymmetry, which predict that the switch cost asymmetry should be affected by stimulus valence irrespective of context (Thomas and Allport, [@B41]; Orfanidou and Sumner, [@B34]; Finkbeiner et al., [@B15]; Peeters et al., [@B35]).

General discussion {#s5}
==================

The standard account of the switch cost asymmetry in unbalanced bilinguals is that it arises from differences in the relative strength of the two languages. This account predicts that a switch cost asymmetry should arise in any language task when the strength of the two languages is unbalanced. Inconsistent with this account, the switch cost asymmetry is observed in speech production tasks but not in comprehension tasks, such as lexical decision and semantic categorization (see Table [1](#T1){ref-type="table"}). Experiments 1 and 2 ruled out the possibility that these differences were due to two methodological factors (stimulus valence and switch predictability) that are confounded with the type of task. Experiment 3 demonstrated that languages are activated or operate differently for language comprehension and speech production tasks. Therefore, the present data converge on the claim that there are important task-related differences in how languages are controlled. Indeed, there are now three indicators that switch costs differ in lexical decision and speech production. First, switch costs are symmetric in the lexical decision task (e.g., Von Studnitz and Green, [@B47]; Thomas and Allport, [@B41]; Orfanidou and Sumner, [@B34]) and asymmetric in the speech production task (e.g., Meuter and Allport, [@B29]; Costa and Santesteban, [@B9]; Costa et al., [@B10]; Macizo et al., [@B27]), even when univalent stimuli (Experiments 1 and 2) and predictable switches are used (Experiment 2) so as to match the conditions usually observed in comprehension tasks. Second, switch costs are not affected by stimulus valence in mixed list contexts in lexical decision (Von Studnitz and Green, [@B47]; Thomas and Allport, [@B41]; Orfanidou and Sumner, [@B34]), but are in speech production (Experiment 3). Finally, stimulus valence has a larger impact for L1 than for L2 thereby reducing the switch cost asymmetry in speech production, but not in lexical decision (Thomas and Allport, [@B41]; Orfanidou and Sumner, [@B34]).

The present experiments are also consistent with at least some of the switch cost asymmetry arising from processing within the language system (Grainger and Beauvillain, [@B17]; Peeters et al., [@B35]). A switch cost asymmetry was observed for univalent number words in Experiments 1 and 2 when a single response selection criterion could be used, inconsistent with the switch cost asymmetry arising at the level of response selection as suggested by Finkbeiner et al. ([@B15]; see also Peeters et al., [@B35]). Inconsistent with the switch cost asymmetry arising from competition between language schemas the switch cost asymmetry was affected by stimulus valence in Experiment 3 where the univalent and bivalent stimuli were randomly intermixed. According to language schema accounts switch costs should not be affected by factors that affect processing within the language system such as language specific orthography (Meuter and Allport, [@B29]; Thomas and Allport, [@B41]), especially under mixed list conditions (Orfanidou and Sumner, [@B34]). Both of these outcomes are predicted by within-language accounts of the switch cost asymmetry in which univalent stimuli either (1) directly activate a language node that specifies the appropriate language or (2) lead to stronger activation of lexical entries in the appropriate language by way of having a direct match in only one lexicon (this is not to say that do not activate lexical entries in the other language, e.g., Kroll et al., [@B26]).

Why are asymmetric switch costs not observed in lexical decision?
-----------------------------------------------------------------

The present experiments suggest that there are important differences in how languages are controlled during speech production and language comprehension tasks, and that at least some of these differences arise in the lexicon. Here, we propose that language switch costs arise from (at least) three sources: (1) language task schema activation / competition that affects response selection and initiation (Von Studnitz and Green, [@B47]; Thomas and Allport, [@B41]; Orfanidou and Sumner, [@B34]), (2) early activation of the language task schema (Orfanidou and Sumner, [@B34]) or language nodes (Grainger et al., [@B19]; Peeters et al., [@B35]) using stimulus attributes, and (3) within language activation/competition. Language task schemas specify which language is to be used and the specific configuration of the language system that is used to perform the language task (i.e., lexical decision, semantic categorization, speech production, etc.). According to this account, lexical decision, semantic categorization, and speech production tasks differ in terms of the specific lexical/semantic systems (e.g., orthography, phonology, semantics, syntax, etc.) required for task performance (see Green, [@B20]; Von Studnitz and Green, [@B48]). This information is specified as part of the language task schema. For instance, semantic categorization and lexical decision are often conceptualized as comprehension tasks because of a greater reliance on orthographic and semantic systems (e.g., Van Heuven et al., [@B44]; Peressotti et al., [@B36]; Yap et al., [@B50]) whereas naming is conceived as a production task because of its dependence on retrieving a representation for output (Meuter and Allport, [@B29]).

Here, we hypothesize that whether switch costs are symmetric or asymmetric in unbalanced bilinguals depends on both the relative strength of the language task schema and the specific levels of the language system specified as part of the language schema (e.g., semantics vs. phonology). Given the dependence of speech production tasks on phonological processing, we hypothesize that phonological processing is particularly susceptible to interference from activated entries in competing languages. Consistent with this possibility, generating a phonological code from print is known to require central attention, whereas orthographic processing does not (Reynolds and Besner, [@B39]).

Evidence that at least some of the switch cost asymmetry arises from competition within the language system does not preclude that some of the switch cost asymmetry arises outside the language system. Therefore, the observation that asymmetric switch costs persisted for univalent items could either be due to competition between phonological entries, despite the use of univalent number words, or it could be due to additional sources. Here, we consider two additional sources outside the lexicon that could give rise to the residual switch cost asymmetry, namely (1) response execution, and (2) language task schemas.

Unlike lexical decision, where the responses are likely equally novel for both L1 and L2, unbalanced bilinguals have more practice speaking in L1 than in L2. Therefore, it could be the case that there is competition between the processes involved in articulation or setting the parameters of a self-speech monitoring mechanism that checks one\'s own speech for errors or other problems. Although the present study does not rule out these possibilities, there is some evidence in the literature that suggests that the switch cost asymmetry does not arise from processes involved in response execution. For instance, if a switch cost asymmetry arises from competition between unbalanced response schemas, then a switch cost asymmetry should be observed in speech production whenever the languages are unbalanced in strength. Inconsistent with this prediction, the switch cost asymmetry is often absent for highly proficient bilinguals when switching between unbalanced languages (Costa and Santesteban, [@B9]; Costa et al., [@B10]; Martin et al., [@B28]). Furthermore, a switch cost asymmetry is not observed for unbalanced bilinguals in speech production when the languages switches are voluntary (Gollan and Ferreira, [@B16]). The switch cost asymmetry is not consistently observed for unbalanced bilinguals when the sequence of language switches is determined by patterns maintained in memory (Declerck et al., [@B12]). These latter approaches differ from cued studies in terms of how language selection takes place, but not how responses are executed. Taken together with the present findings, these studies suggest that very little, if any, of the switch cost asymmetry arises from response execution processes in unbalanced bilinguals.

A second source outside the lexicon that could give rise to the residual switch cost asymmetry is competition between language task schemas. If the relative strength of the language task schema depends on experience with the configuration of the language system required for task performance and stimulus response mapping (at least in the case of lexical decision), then for unbalanced bilinguals this should result in more experience with the configuration of the language system required for speech production in L1 than L2. Thus, it is possible that the language task schemas will be unbalanced in speech production for unbalanced bilinguals. However, this should be less pronounced in a task like lexical decision, which, as noted by Thomas and Allport ([@B41]), requires "the introduction of arbitrary, task-specific components to the use of the bilingual\'s languages" (p. 62). As such, the language task schemas will be balanced in lexical decision, and other tasks where the system configuration is novel, yielding symmetric switch costs.

Although we postulate that at least part of the switch cost asymmetry arises from competition between phonological representations, which may be more sensitive to competition from entries in other languages, another possibility is that sensitivity to competition is tied to a more general difference between the organization of input and output lexicons. Models of language processing often specify separate input and output orthographic and phonological lexicons (e.g., Coltheart et al., [@B8]; Coltheart, [@B7]). To the best of our knowledge, task type (comprehension vs. production) has been confounded with the type of internal representation required for task completion (e.g., orthographic vs. phonological). It is therefore unclear whether differences in performance are a consequence of how input and output systems are controlled, or whether there are differences in how orthographic and phonological systems are interconnected in bilingual speakers. For instance, Grainger et al.\'s ([@B19]) developmental version of the Bilingual Interactive Activation (BIA) model attributes switch costs to different mechanisms in comprehension (which have used words as stimuli) and production tasks (which have used bivalent stimuli such as numerals and pictures). In their view, univalent words exogenously activate the appropriate language node in comprehension tasks, which selectively enhances processing in one language relative to the other language. In speech production, the use of bivalent stimuli requires top-down control over the language node. According to this account the switch cost asymmetry arises in speech production because endogenous activation of the language node yields greater inhibition of the lexical representations for L1 than for L2. The observation that univalent stimuli reduce switch costs and the switch cost asymmetry can be explained by univalent stimuli exogenously activating the language nodes, thereby reducing the contribution of endogenous control processes that give rise to the asymmetry. One issue that this account has difficulty explaining is the persistence of a switch cost asymmetry in Experiments 2 and 3 where predictable switches between languages occurred. In these experiments, the average response-stimulus interval (RSI) was long (756 ms in Experiment 2A, 497 ms in Experiment 2B, and 706 ms in Experiment 3)[^7^](#fn0007){ref-type="fn"}. A switch cost asymmetry has also been reported for unbalanced bilinguals using predictable switches and an RSI of 1500 ms by Jackson et al. ([@B22]). This is problematic for the endogenous control account of the switch cost asymmetry because evidence suggests that at RSIs beyond 500 ms, switch costs are primarily driven exogenously by the stimulus itself when switches are predictable (Rogers and Monsell, [@B40]). Therefore, the persistence of the switch cost asymmetry at long RSIs suggests that the switch cost asymmetry is not due to endogenous control. Converging evidence comes from studies examining the role of advance preparation (endogenous control) under conditions where the language switches are random (as in Experiment 1). In these studies, the role of endogenous processes in the switch cost asymmetry assessed by examining how it is affected by the cue-stimulus interval (CSI). These studies have reported inconsistent effects of CSI on the switch cost asymmetry (e.g., Philipp et al., [@B38]; Verhoef et al., [@B46]; Declerck et al., [@B12]; Fink and Goldrick, [@B14]). Consequently, there seems to be little evidence to support the claim that the switch cost asymmetry in speech production is driven purely by top-down endogenous control processes.

Why are language comprehension and speech production affected differently by stimulus valence?
----------------------------------------------------------------------------------------------

Accounts of language switching also need to explain why stimulus valence does not affect switch costs in the lexical decision task when the univalent and bivalent stimuli are randomly intermixed in a single block of trials. Here, we hypothesize that there was no reduction in the switch costs for univalent items in lexical decision because switch costs in this task have been largely due to processes outside the lexicon, such as competition between language task schemas (Von Studnitz and Green, [@B47]; Thomas and Allport, [@B41]). To date, the words used in lexical decision have been unique to one language (and therefore arguably univalent), yet stimulus valence was further defined according to the presence or absence of language specific orthographic cues (e.g., combinations of letters). If switch costs arising from within the language system are largely limited to competition between orthographic-lexical representations in lexical decision (as opposed to phonological-lexical representations in speech production), then this raises the possibility that switch costs arising within the language system were already minimized by the language specific nature of the words, and therefore were not reduced further by using words with language specific orthography. Support for this hypothesis comes from evidence that the majority of the switch cost in lexical decision is due to changing the response selection criteria (Von Studnitz and Green, [@B47]; Thomas and Allport, [@B41]).

Non-task associated differences
-------------------------------

Finally, it is always possible that there are other task-associated differences that become candidates for differences in language switching across tasks. For instance, lexical decision includes the use of non-words, which were not included in the present experiments. There is evidence from research on visual word recognition and reading aloud that the presence of non-words in a context can change how sublexical and lexical information affect one another. For instance, stimulus quality and word frequency yield additive effects in lexical decision (Yap and Balota, [@B49]). In contrast, stimulus quality and word frequency interact in reading aloud (O\'Malley et al., [@B33]) unless non-words are added to the list context, in which case their effects are additive (O\'Malley and Besner, [@B32]). This suggests that the presence of non-words could change how lexical information is activated (see also Thomas and Allport, [@B41]). In this instance, the presence of non-words is unlikely to be the driving factor that determines whether switch costs are symmetric, because switch costs are symmetric in semantic categorization, where non-words are not part of the stimulus set. This is not to say, however, that there are no other differences. At present, however, we believe that there is sufficient evidence to justify further investigation into task related differences in bilingual language switching.

Implications for highly proficient bilinguals
---------------------------------------------

The switch cost asymmetry is not usually observed when highly proficient bilinguals (e.g., those that are balanced in L1 and L2), switch between established languages (L1, L2, or L3), but is observed when they switch between languages of low proficiency (L3, L4, or a new language; Costa and Santesteban, [@B9]; Costa et al., [@B10]; Martin et al., [@B28]). In order to explain this pattern, Costa and colleagues suggested that highly proficient bilinguals have available two mechanisms for selecting a language (1) a language-specific selection mechanism and (2) within-language inhibitory control. The language-specific selection mechanism operates when switching between languages with established lexicons by setting different criteria for lexical selection in each language. This mechanism does not change how the languages operate; instead it operates on the output of the language system. Switching between language-specific selection criteria is independent of language strength and therefore yields symmetric switch costs. Inhibitory control operates when one of the lexicons is not well formed so that a language specific selection criterion cannot be established. In this instance inhibitory mechanisms affect lexical representations in the dominant language (e.g., L1) proportional to language strength yielding asymmetric switch costs. The present findings are consistent with unbalanced bilinguals using an inhibitory mechanism that affects processing within a language system. Interestingly, this dual process account of language switching in highly proficient bilinguals could be tested by examining how switch costs are affected by stimulus valence in mixed list conditions as in Experiment 3. If stimulus valence affects switch costs arising from within the language system, then stimulus valence should interact with switch costs when highly proficient bilinguals switch between low proficiency languages (e.g., L3 and L4) because the within-language inhibitory mechanism will be operating. In contrast, stimulus valence should not affect switch costs when highly proficient bilinguals switch between established languages (e.g., L1 and L2) where only the language-specific selection mechanism is operating.

Conclusion {#s6}
==========

Experiments 1 and 2 demonstrated that in speech production the asymmetric switch costs are not dependent on the presence of bivalent stimuli, nor on switch predictability. Experiment 3 demonstrated that the effects of stimulus valence affects switch costs and the asymmetric switch cost during speech production, despite numerous demonstrations that this is not the case in lexical decision (Thomas and Allport, [@B41]; Orfanidou and Sumner, [@B34]). Furthermore, the modulation of the switch cost asymmetry by stimulus valence and the persistence of the switch cost for univalent items is best accounted for by theories of language switching that posit a role for competition within the language system. In particular, we suggest that the switch cost asymmetry arises because a component of the language system required for speech production (namely phonology) is particularly susceptible to interference from the competing language. The observation that speech production continues to reveal a different pattern of switch costs compared to comprehension tasks suggests that future research needs to continue to examine the similarities and differences in performance across tasks.
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^1^Here we chose to examine how the switch cost asymmetry in speech production was affected by factors used in lexical decision (univalent stimuli, predictable switches) for two reasons. First, incorporating the stimuli used in lexical decision experiments (written words) into a speech production task was feasible, whereas incorporating the bivalent stimuli used in naming (numerals and objects) into lexical decision and/or semantic categorization looks quite complicated. Indeed we could not think of an appropriate forced choice task with stimuli such as pictures and numerals, which require language switches. For example making parity judgments to numerals can be done without switching languages. The same is true if bivalent words (i.e., homographs) are used given that on a switch trial the homograph would yield a correct answer whether the subject switched languages or not (see Von Studnitz and Green, [@B47]; Thomas and Allport, [@B41]). Clearly the impossibility of pairing of bivalent stimuli with forced choice tasks also rendered a direct comparison between speech production and decision tasks problematic. Second, we chose the naming task since evidence suggests that it is more appropriate for investigating the processes involved in lexical processing. This is mainly due to the fact that the naming task avoids complications from decision processes observed in alternative forced choice tasks (e.g., Balota and Chumbley, [@B4]).

^2^Two types of bilinguals were used in the present studies: English-French bilinguals and Italian-English bilinguals. The purpose of using two different groups of bilinguals was to assess whether the outcome of the experiments generalized across language combinations and whether having English (a language with highly inconsistent spelling-to-sound correspondences) as L1 or L2 affected performance during language switching. As will be seen below, there were no systematic differences between the two types of bilinguals.

^3^There may be additional relevant differences other than predictability. For instance, Altmann ([@B3]) has noted that switch costs are generally larger in the alternating runs paradigm because the switch costs in this paradigm include costs associated with switching and costs associated with decoding the cue. Further, the use of long response-stimulus intervals (RSI) may eliminate endogenous contributions to the switch cost (c.f. Rogers and Monsell, [@B40]). Assessing whether the switch cost asymmetry is eliminated in the alternating runs paradigm as a whole therefore tests whether the absence of an asymmetry is due to any number of known and unknown differences between these two methods.

^4^The use of an AABB trial pattern increases the probability of a switch from 0.3 in Experiment 1 to 0.5 in Experiment 2. The observation of a switch cost asymmetry for the univalent stimuli in the present experiment suggests that the probability of a switch is not a determining factor for when a switch cost asymmetry is observed.

^5^All comparisons across studies (e.g., Experiment 1 vs. Experiment 2) were conducted using a mixed model ANOVA with Language (L1 vs. L2), Stimulus Type (numerals vs. words) and Trial Type (switch vs. non-switch) as repeated factors and Study (e.g., Experiment 1 vs. Experiment 2) as a between subjects factor.

^6^Although inhibition is often invoked to explain asymmetric switch costs (especially in language switching), it may not be required. For instance task set activation can also account for the data (see Koch et al., [@B25], for a more elaborate discussion).

^7^The RSI consisted of how long it took the researcher to code a subject\'s vocal response and a 250 delay at the beginning of the trial next trial.
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